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Increasing interest in the Arctic 
Drill for oil and gas 
Transport cargo, oil and gas to/from Asia 
Shipping 
New industries 
Mining options 
Bioprospecting 
(discovery and commercialization of new products 
based on biological resources) 
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Little auk is the smallest of the European auks, the most 
abundant bird species on Svalbard, and also most prob-
ably one of the most abundant seabird species in the 
world. It has a circumpolar distribution and very rough es-
timates suggest a breeding population of some 37 million 
pairs worldwide. Little auks are breeding in large colonies, 
mainly in coastal mountainsides. The largest colonies 
on Svalbard are found in the southwest and the north-
eastern part of Svalbard, close to productive waters. The 
colonies in the fjords Magdalenafjord and Hornsund are 
considered to be the largest ones. The colony in Hornsund 
has been investigated by polish scientists for many years, 
studying what the little auks are feeding upon, how far 
they fly in search of food, survival etc. They nest beneath 
large rocks laying only one egg. Both parents take equal 
part in incubating the single egg, and help searching food 
for the chick. The little auks are mainly feeding on crus-
taceans and the arctic copepod Calanus glacialis is the 
preferred prey. Compared to its sibling species associated 
with Atlantic Water this arctic copepod is storing great 
Birds: Little auk or dovekie Birds: Arctic tern
The arctic tern is a small, slender and white seabird that 
has a circumpolar breeding distribution covering arc-
tic and sub-arctic regions. This species is the only tern 
breeding on Svalbard and has the longest regular migra-
tion routs of any living animal. It has an extraordinary 
pole-to-pole migration, seeing 2 summers per year. This 
small seabird is breeding throughout the coastlines and 
tundra of Svalbard. Recent studies using tiny tracking 
devices, showed that they can fly more than 70,000 
km per year, equivalent to two times around the earth. 
Considering that this bird are long-lived and can reach 
30 years of age, they can fly a distance corresponding 
to 2-3 round trips to the moon during their lifetime. 
The arctic terns are breeding in colonies and are very 
aggressive defending their nests and young from po-
tential predators, such as the arctic fox and seagulls. To 
avoid predation the nest and chicks are also very well 
camouflaged. Males and females are similar and cannot 
be separated in the field. They usually mate for life and 
often return to the same colony year after year where 
the female usually lays 2-3 eggs, which both parents 
share to incubate. The arctic terns are mainly feeding 
on small fishes, such as polar cod, and marine inverte-
brates, which they catch, from the surface or by shallow 
dives. The breeding population of arctic tern on Svalbard 
is difficult to assess, but probably less than 10,000 pairs. 
The breeding population is considered to be stable. 
amounts of lipids. This is an adaptation to a life in the 
Arctic with lengthy periods with food shortage. This lipid 
rich copepod is perfect food for the chick that has to grow 
fast to be ready to leave the nest before the approach of 
the next winter. If the preferred food is not present in 
the vicinity of the breeding colony, little auks either have 
to fly longer distances searching for it or switch to less 
energy-rich food. Both will affect the growth and survival 
of the chick. Studies have shown that the little auks can 
fly up to 300 kilometres, in search for energy rich food.
Environmental interests: Spectacular wild 
life 



Of particular interest: 
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Arctic marine waters are home to about 240 species of marine and 
migratory fishes (sea-freshwater). The number of species may dif-
fer due to shifting of the arctic faunal barrier over time, differences 
in taxonomic opinion, and discovery of new species. While the wa-
ter in the central Arctic Ocean is low-productive, the sub-arctic 
regions such as the Bering and Barents Seas are highly productive, 
supporting some of the most valuable fisheries of the world ocean.
Two major taxonomic groups account for more than half the spe-
cies: the group to which sculpins, snailfishes, and alligatorfishes; 
and the group that includes eelpouts and pricklebacks. To the arc-
tic migratory fishes belong the ciscoes and whitefishes, trouts and 
chars, and salmons. Most Arctic Ocean marine fishes are benthic, 
living on or closely associated with the bottom. Few are pelagic, 
freely moving about in the water column. Or they are both benthic 
and pelagic, like the ice-loving polar cod, which hides in under-ice 
crevices to avoid predators. Fish in the Arctic Ocean do not freeze 
because they have natural antifreeze substances that keep blood 
flowing at sub-zero temperatures.
Presented here are a few of the most common fishes one should 
know about or that one may meet, not necessarily during visits in 
Svalbard, but on the plate. 
FISH
Fisheries 
Will we keep the old or get a 
new Arctic Ocean? 
The loss of Arctic sea ice has emerged  
as a leading signal of global warming 
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Reduced Summer Extent 
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Reduced Multiyear Fraction 
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Faster Drift Velocities 
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Longe  M lt Season 
Ice loss 
In the last 30 years we have lost about 75 % of ice volume in 
the Arctic Ocean. 
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Arctic sea ice extent
1979-2000: Average
2007: 4.1 mill. km2
6.38 mill. km2
2011: 4.33 mill. km2 
Area with at least 15% sea ice
NORTH POLE
Source: National Snow and Ice Data Center and Polar Science Center, University of Washington 
The Arctic sea ice melts every summer and reaches its 
minimum extent in September.  
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Loss of Arctic sea ice opens up 
a new ocean 
•  Thinner ice, more ice-free water, more 
radiation 
•  Easier ship operations 
•  Reduced risks for oil and gas exploitation 
•  Increased access to harbors and mineral 
resources 
•  More primary production and more fisheries 
•  Biodiversity, ecosystem loss 
•  What do we know will happen? 
Ø Seasonal ice zone 
Ø Is the transition between 
the open ocean and sea ice 
Ø Is very dynamic due to 
rapid changes in sea-ice 
conditions  
Ø It supports many vulnerable 
environmental processes 
Ø It is here climate change 
provides the strongest 
signal in the World Ocean  -5000 -1000 0 500 1000 (m) 
Map: Jakobsson et al., 2012; Sea ice concentration: 
www.meereisportal.de (AWI/Uni Bremen)  
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The seasonal ice zone of the Arctic Ocean 
is not 
It is like the 
It is not a bellwether 
That rings with the worlds biggest bell 
To whom the bell tolls….. 
•  It tolls to us, loud and clear 
•  But the Arctic Ocean is far away for people in 
general 
•  And many use hearing protection because it 
is so comfortable to experience silence 
•  My research group attempts to make people 
hear, with UiT as the base 
•  “He who has an ear, let him hear”  (Matthew 
11:15) 
•  People in the Arctic face a challange 
Distribution of humans on the planet 
North of the Polar Circle 
0.05% of human population 
22 %  of oil reserves  
15%   of global oil and gas production 
20%   of global minerals and metals 
Some of the richest fisheries 
66.7 N = Polar 
Circle 
Immense pressure as ”nobody” lives 
there 
How can we stop an overpopulated, 
resource-hungry world to use the 
Arctic when “nobody lives there”? 
What is so spectacular with the 
seasonal ice zone? 
•  Let us consider the circum-arctic seasonal 
ice zone based upon the term landscape 
What kind of “scapes” do we face in 
the seasonal ice zone? 
•  Four fundamental “scapes” will deviate 
strongly from the present “landscape” 
•  Ice-scape 
•  Light-scape 
•  Warming-scape 
•  Freshening-scape 
•  Unprecedented changes are taking place in 
the seasonal ice zone and we need to get our 
hands on them 
•  Some like drama 
The four apocalyptic riders of 
climate change in the Arctic ice belt 
For most the four riders are well-
known companions that have been 
and will be there, all the time 
We will investigate the behavior of 
our companions under climate stress 
Basic knowledge from hitherto 
ice-covered regions 
•  Increases steadily, but far too small to 
support sustainable resource and ecosystem 
management 
•  The basic question for economists, 
politicians, sciences and environmentalist: 
•  How can we manage the only new ocean 
humanity ever will get? 
•  And how do we exploit resources and 
support businesses when we have utterly 
inadequate knowledge of this new ocean?  
Knowledge for wise and sustainable 
resource- and ecosystem 
management 
•  What do we know? 
Surface Currents 
Halocline Waters (~ 50 – 200 m) 
Bluhm/Kosobokova/Carmack, 2015 
This is the Ecology of Advection  
that supports the AO with biomass 
From the Atlantic and Pacific oceans 
Atlantic Layer 200-800 m 
Deep Waters (below ~ 2000 m) 

We know some of the basics 
•  Physical circulation 
•  The principle shelf and basin function 
•  The connectivity between the Pacific and 
Atlantic oceans 
•  Supporting the conceptual features of the 
Arctic Ocean that now become discernable 
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Some suggestions and first results 
on productivity 
What really goes on 
the Arctic Ocean: 
Tequila Sunrise 
hypothesis 
Low nutrient supply 
to surface and thus 
low harvestable 
production 
Ice melt and surface 
warming result in 
increasing 
stratification that 
prevents vertical 
mixing 
What do models say about 
productivity? 
•  SINMOD (Slagstad, Wassmann, Ellingsen) 
IPCC A1B scenario (+3.8°C by 2100) 
Change in annual gross primary production 
 
       2007-2016                    2091-2099    
Difference in harvestable production at the end of this 
century (g C m-2 y-1) (2100  minus today) 
Biological production in the 
Arctic Ocean 
•  Harvestable production may increase on 
average by 20 g C m-2 y-1 on the Eurasian 
shelves.  
•  It stays low and seemingly decreases on 
the Greenlandic side, the Fram Strait and 
the Barents Sea 
Increased fisheries in the Arctic 
Ocean? 
•  To be expected north of Svalbard, in the 
Kara Sea and adjacent shelf 
•  Which commercial significant organisms 
will benefit from the increased production? 
•  The foreseeable future looks bright!  
 
•  Increased fisheries  
•  Shorter ship transportation 
•  Increased oil/gas and mining options 
•  How can we make sure that shorter, 
increased and more results in 
sustainability? 
•  The foreseeable future looks dark!  
 
•  The curse of the Cassandra syndrome 
•  How can this curse be lifted from the 
shoulders of climate change 
researchers? 
All human activities leave ecological 
footprints 
•  Ecosystem-based management of a 
changing Arctic Ocean 
You cannot manage ecosystems 
that you do not measure and 
understand 
 
 
 
Without understanding the present 
there is no sustainable future  
Ecosystem-based management of a 
changing Arctic Ocean 
•  Our ecological comprehension of the Arctic 
Ocean, even from the better-known regions, is 
inadequate 
•  Knowledge-based ecosystem management 
starts before environmental impact, not after.  
•  This procedure represents the meaning of the 
term sustainability 
Let us investigate and understand 
ecosystems so that we can 
manage them 
Photo: A. Sveen 
Thank you 
•  Extent of changes and speed of change is outside the 
”empirical window”: there are no historic analogies 
 
 •  Ecosystem models: predictive power when system is 
close to equilibrium, not when system is outside 
 
•  New and strongly disturbed ecosystem may arise, 
with unknown qualities. 
 
•  Climatic changes are accompanied by new 
infrastructure, new industries, new pollution sources: 
cumulative effects are notoriously difficult to predict 
 
                                       
 
During extreme changes in climate science 
has difficulties to predict future states of 
ecosystems 
 
•  More focus upon extensive and precise real-time 
 observations than theoretical model projections 
 
•  More long-term and continuous than short-term 
 campaigns and programmes 
 
•  More holistic and ecosystem-based than 
 fragmented and indicator based programmes 
 
•  Changes in biological resources and diversity 
 happens often through ”cascade effects” along food 
 chains 
  
 
With extreme changes in climate research of 
Arctic ecosystems ought to change modus 
 
 
How can we achieve a better  ecosystem-
based management in a changing Arctic 
Ocean? 
•  Time series in all major ecosystems of the 
Arctic Ocean 
•  More long-term and continuous than short-
term campaigns and programmes 
•  More holistic and ecosystem-based 
programmes 
•  Our commitments ought be as long-lasting 
as climate change continues 
•  We should also consider an approach 
founded in resilience thinking to allow 
scattered local residents to participate in the 
indispensible long-term observation. 
•  This will improve their adaption and - if 
necessary - transformation of the social-
ecological system within which they live  
A roadmap for 
the future: 
Protocol for 
adaptive long-
term research 
